The stability of certain molecules' containing an odd number of electrons has been explained on the basis of the formation of three-electron bonds. Evidence has now been obtained which substantiates the validity of a similar explanation for the stability of C102, and in particular for its lack of tendency to polymerize to C1204.
The possible electronic structures which may be written for C102 in accordance with the quantum mechanical rules for the formation of electron-pair bonds2 are represented as follows: The choice of the correct structure among these could be made by a theoretical calculation of the energy of each. If the energy for a single one lay considerably below the energies calculated for the other two, that structure would closely represent the molecule in its normal state. If the separate energy calculations gave nearly the same result, the true value of the energy would be obtained only by considering a combination of all the structures. Normal chlorine and oxygen are rather near to each other on the electronegativity scale,3 and the electronegativity of positive chlorine is greater than that of neutral chlorine, and may be nearly equal to that of oxygen, so that the transfer of one electron from oxygen to chlorine in C102 may well involve only a small change in the energy of the molecule. Structures I, II and III above would then correspond to energy levels near to one another.
The criterion for the formation of a three-electron bond is that two structures, in one of which there is an unshared pair of electrons on one atom and a single electron on the other, and in the other the single electron and the pair are interchanged, have nearly the same energy. It has been shown' that in this case a lower (and hence more nearly correct) value for the energy is obtained by taking a linear combination of the wave functions representing the two structures than corresponds to the use of either function alone. This extra resonance energy which serves to stabilize the molecule may be ascribed to the formation of a bond with the three electrons in the same way that the interchange of two single electrons on two atoms affords a resonance energy which is the principal energy of the electron-pair bond. The formation of the two kinds of bonds may be indicated diagrammatically in the same manner, that is, by placing two dots between the atoms for the electron-pair bond and three dots for the three electron bond.
Since structures I and II or I and III taken together meet the conditions for the formation of a three-electron bond, a better representation of C102 is given by the two formulas:
:O:Cl: 0: IV :O.Cl:O: V In both IV and V one oxygen atom is bonded to chlorine by an electronpair bond and a three-electron bond, and the other by an electron-pair bond alone. Since the calculation for the helium molecule-ion He2+ to which reference has already been made indicates that the energy and interatomic separation of a three-electron bond is about equal to that of a one-electron bond and about half that of an electron-pair bond, the combination indicated here in C102 should be equivalent to one and one-half single bonds or about midway between a single and a double bond.
It was pointed out in a discussion4 of resonance between several Lewis electronic structures that the observed bond distances between two atoms corresponds to that of the strongest type of bond involved in the resonating structure and not to a mean (if the elementary structures are of equal importance). Since the structures IV and V are indistinguishable, they have precisely the same energy and therefore contribute equally to the resonating structure. On this basis the observed chlorine-oxygen separation will be the same for both bonds and should correspond to the com- diffraction photographs of the gas. The method was the same as that used in the study of the hexafluorides.5 Theoretical intensity curves for six molecular models corresponding to a range of bond angles from 500 to 1800 are reproduced in figure 1. It will be noted that the positions of the maxima and minima change very slightly throughout the range. This is explained by the large scattering power of chlorine relative to that of oxygen; the interference effects observed arise almost exclusively from the chlorine-oxygen separation so that the effect of the change of the oxygen-oxygen separation with variation of the bond angle is scarcely detectable. Neutrons were found to be emitted by beryllium when it is bombarded by fast a-particles. That the beryllium nucleus consists of a neutron, or a complete condensed hydrogen atom in a nuclear state was an integral part of the hydrogen-helium theory of nuclear constitution developed in 1915 by Harkins and Wilson.' The prediction of the existence of a neutron in the beryllium nucletus arose from a curious numerical discrepancy which will be described below. The ordinary beryllium nucleus was considered as a carbon (12) nucleus in which one helium nucleus is replaced by a neutron. It is now found that if the a-particle enters the beryllium nucleus the neutron leaves it.
